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INTRODUCTION 

The c h a r a c t e r i z a t i o n  of complex organic  mixtures  has  been explored us ing  19F 
NMR t o  in t roduce  a f l u o r i n e  "tag" i n t o  molecules  conta in ing  he tero  atom f u n c t i o n a l  
groups. 
1 H  NMR and has  a much wider range of chemical s h i f t s  (-375 ppm vs .  -15 ppm f o r  I H ) .  
This  range i n d i c a t e s  t h a t  f l u o r i n e  chemical s h i f t s  a r e  more s e n s i t i v e  t o  s u b t l e  
changes i n  molecular  s t r u c t u r e  when compared t o  IH. 
i s  t h a t  most a n a l y t i c a l  samples of i n t e r e s t  ( e . g . ,  c o a l  products)  conta in  no f l u o r i n e  
a l l e v i a t i n g  t h e  inherent  background problem when compared wi th  I H  and I 3 C  NMR 
techniques .  

The I9F NMR approach was suggested because i t  i s  near ly  as s e n s i t i v e  as 

An added advantage of 19F NMR 

The use of I9F nmr t o  c h a r a c t e r i z e  organic  f u n c t i o n a l  groups was f i r s t  
suggested by Manatt (l), who used t r i f l u o r o a c e t i c  anhydride a s  t h e  reagent  f o r  t h e  
i n t r o d u c t i o n  of a " f l u o r i n e  tag" i n t o  t h e  molecules  of i n t e r e s t .  Manatt examined 
v a r i o u s  t r i f l u o r o a c e t i c  ac id  e s t e r s  formed from var ious  a l c o h o l s  which have char- 
a c t e r i s t i c  19F nmr chemical s h i f t s  dependent upon whether the s u b s t r a t e  was a 
primary, secondary o r  t e r t i a r y  a lcohol .  The g e n e r a l  r e a c t i o n  f o r  t h i s  reagent  i s  
i n d i c a t e d  below. 

0 0 0 

(CF3 - C)*O + FXH + R-X-C-CF + CF -C-0-H where X = 0,  S or N 1) 3 3  

L a t e r ,  o t h e r  s t u d i e s  extended t h e  t r i f l u o r o a c e t i c  anhydride approach t o  o t h e r  
organic  f u n c t i o n a l  groups inc luding  phenols ( 2 ) ,  s t e r o i d s  (3) ,  and hydroxy groups 
i n  poly(propy1ene oxides)  ( 4 ) .  

Another I9F reagent ,  hexafluoroacetone,  w a s  suggested by Leader (5) f o r  t h e  
c h a r a c t e r i z a t i o n  of var ious  f u n c t i o n a l  groups.  The adduct  ( formation of hexa- 
f luoroace tone  wi th  a c t i v e  hydrogen compounds) i s  i n d i c a t e d  below. 

0 

2)  
+ '  

CF -C-CF + RXH f CF3-C-CF3 where X = 0, S o r  N 

OH 
3 3  

This  reagent  has  been u t i l i z e d  f o r  c h a r a c t e r i z a t i o n  of a l c o h o l s ,  amines, mercaptans 
and o t h e r  a c t i v e  hydrogen conta in ing  compounds (5-9). Prepara t ion  of t h e  adducts  
i s  e a s i l y  accomplished i n  s i t u  by bubbl ing t h e  reagent  gas  (hexafluoroacetone)  i n t o  
a s o l u t i o n  of t h e  sample and so lvent .  Although t h e  equi l ibr ium i n d i c a t e d  i n  equa- 
t i o n  2 s t r o n g l y  favors  t h e  adduct  product  on t h e  r i g h t  f o r  most primary a l c o h o l s  
and many o ther  simple systems, the  equi l ibr ium tends  t o  s h i f t  t o  t h e  l e f t  f o r  more 
complex and/or s t e r i c a l l y  hindered a c t i v e  hydrogen conta in ing  f u n c t i o n a l  groups (10). 
Obviously, t h i s  f e a t u r e  l i m i t s  t h e  scope of t h i s  reagent  i f  q u a n t i t a t i v e  d a t a  is 
d e s i r e d .  

1 
By comparison, it should be  mentioned t h a t  H nmr r e a g e n t s  ( i . e .  hexamethyl- 

d i s i l a z a n e  (ll), a c e t i c  anhydride (121, d i c h l o r o a c e t i c  anhydride ( 1 3 ) ,  e t c . )  have 
a l s o  been developed f o r  c h a r a c t e r i z i n g  f u n c t i o n a l  groups.  Unfor tuna te ly ,  most of 
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th'ese r e a g e n t s  t y p i c a l l y  y i e l d  'H nmr s p e c t r a  wi th  r e l a t i v e l y  s m a l l  chemical s h i f t  
ranges (0 .1  - 0.4 ppm). That is ,  f o r  even p a r t i a l  c h a r a c t e r i z a t i o n  of the  var ious  
p o s s i b l e  f u n c t i o n a l  groups encountered i n  c o a l  product  samples (e.g., phenols ,  
carboxyl ic  a c i d s ,  a l c o h o l s ,  e t c . ) ,  t h e  h ighes t  a v a i l a b l e  nmr f i e l d  s t r e n g t h s  
(super-conducting magnets) a r e  normally employed (14) wi th  the  'H nmr reagents  
p r e s e n t l y  a v a i l a b l e .  I n  c o n t r a s t ,  t h e  range of 19F chemical  s h i f t s  f o r  numerous 
model systems observed f o r  t h e  hexafluoroacetone adducts  and t r i f l u o r o a c e t y l  
d e r i v a t i v e s  a r e  -10 pm and -1-2 ppm, r e s p e c t i v e l y .  These r e s u l t s  r e i n f o r c e  t h e  
b a s i c  p r e m i s e  t h a t  18, nmr chemical s h i f t s  a r e  u s u a l l y  more s e n s i t i v e  than l H  s h i f t s  
t o  s u b t l e  changes i n  molecular  s t r u c t u r e .  

RESULTS AND DISCUSSION 

In t h e  p r e s e n t  s t u d y ,  pre l iminary  nrnr examination of the r e a c t i o n  products  of 
t h e  t r i f l u o r o a c e t i c  anhydride ( l9F nmr) , hexafluoroacetone (19F nmr), and hexa- 
methyld is i lazane  ( lH and 1 3 C  nmr) r e a g e n t s  d i scussed  i n  t h e  In t roduct ion  with 
t y p i c a l  model compounds and a c t u a l  s o l v e n t  r e f i n e d  c o a l  f r a c t i o n s  i n d i c a t e  a 
number o f  l i m i t a t i o n s  wi th  these  reagents .  This  po in t  i s  p a r t i c u l a r l y  t r u e  i n  
u t i l i z i n g  t h e s e  r e a g e n t s  f o r  r e l a t i v e l y  complex c o a l  product  samples. Based on  
t h e s e  i n i t i a l  f i n d i n g s ,  i t  was deemed a p p r o p r i a t e  t o  e s t a b l i s h  c e r t a i n  c r i t e r i a  
necessary f o r  an " idea l"  nrpr reagent  f o r  g e n e r a l  c h a r a c t e r i z a t i o n  of a wide range 
of  d i f f e r e n t  f u n c t i o n a l  groups.  These c r i t e r i a  are l i s t e d  below. 

1) The i d e a l  nmr reagent  should not  r e q u i r e  harsh prepara t ion  condi t ions  and 
only  very  l i m i t e d  manipulat ions should be  involved in t h e  prepara t ion  
procedure.  

2) The nrnr reagent  should r e a c t  q u a n t i t a t i v e l y  and s i d e  r e a c t i o n s  should be  
kept  t o  a minimum. 

3) The scope of  t h e  nmr reagent  would be  enhanced i f  d e r i v a t i v e  p r e p a r a t i o n  
could be accomplished i n  var ious  s o l v e n t s .  

4 )  The nmr "probe n u c l e i "  f o r  t h e  reagent  should b e  very  s e n s i t i v e  t o  s u b t l e  
changes i n  molecular  s t r u c t u r e .  

5) I d e a l l y ,  a complimentary f e a t u r e  of i t em 4 would be t h e  a v a i l a b i l i t y  of 
s e l e c t i v e  nrnr r e a g e n t s .  That i s ,  r e a g e n t s  which would only  d e t e c t  t h e  
presence  of  c e r t a i n  s p e c i f i c  f u n c t i o n a l  groups. 

With t h e s e  c r i t e r i a  i n  mind, new 19F nrnr reagents  have been examined. The 
f i r s t  of these  is t r i f l u o r o a c e t y l  c h l o r i d e  which y i e l d s  the  same d e r i v a t i v e s  a s  
t h e  t r i f l u o r o a c e t i c  anhydride reagent  (1-4) (Equation 3 ) .  

0 0 
,I 

CF -C-C1 + R-X-H + CF -C-X-R + H C 1  where X = 0, S o r  N 3)  3 3 

This reagent  is a gas  (b.p. -18OC) and d e r i v a t i v e s  are e a s i l y  prepared i n  s i t u  
by bubbling t h e  r e a g e n t  i n t o  a s o l u t i o n  c o n s i s t i n g  of t h e  sample and s o l v e n t  a t  
temperatures  from --5OoC t o  --lO°C. 
chloroform or  chloroform-d, te t rahydrofuran ,  and methylene c h l o r i d e .  The e n t i r e  
prepara t ion  procedure can be c a r r i e d  o u t  i n  t h e  sample nmr tube.  This  r e p r e s e n t s  
a d i s t i n c t  advantage i n  t h e  d e r i v a t i v e  p r e p a r a t i o n  when compared with t h e  tri- 
f l u o r o a c e t i c  anhydr ide  r e a g e n t .  I n  a d d i t i o n ,  t h e  by-product of t h i s  r e a c t i o n  is 
H C 1  compared w i t h  CF~COZH, t h e  by-product formed wi th  t h e  t r i f l u o r o a c e t i c  anhydride 
reagent ,  which i n  many c a s e s  causes  a l a r g e  i n t e r f e r r i n g  peak i n  t h e  l 9 F  s p e c t r a  of 
t h e s e  d e r i v a t i v e s .  It should be noted,  however, t h a t  i f  water  i s  p r e s e n t  in t h e  
sample, t h e  t r i f l u o r o a c e t i c  a c i d  peak a l s o  appears  i n  t h e  19F nmr spectrum when 
t r i f l u o r o a c e t y l  c h l o r i d e  i s  t h e  reagent .  

Various s o l v e n t s  have been u t i l i z e d  including 
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The i n i t i a l  phase of t h e  t r i f l u o r o a c e t y l  c h l o r i d e  s tudy  was an examinat ion of  
s u i t a b l e  t r i f  luoroace ty l  d e r i v a t i v e  p r e p a r a t i o n  procedures ,  the  range of l 9 F  chemi- 
c a l  s h i f t s  f o r  model systems,  and t y p i c a l  y i e l d  d a t a  f o r  t h i s  reagent .  
spec t rumfor  the  t r i f l u o r o a c e t y l  d e r i v a t i v e  obta ined  from benzyl a lcohol  i s  i n d i c a t e d  
i n  Figure 1. The r e f e r e n c e  a t  0.0 ppm i n  t h e s e  s p e c t r a  i s  1,2;dif luorotetrachloro-  
e thane ( C F C 1 2 C F C 1 2 )  and was t h e  19F r e f e r e n c e  employed i n  most of t h i s  work. 
t r i f l u o r o a c e t y l  c h l o r i d e  reagent  r e a c t s  wi th  primary, secondary,  t e r t i a r y  a l c o h o l s ,  
benzyl  a lcohols ,  amjnes, phenols  and t h i o l s .  The by-product of t h e  r e a c t i o n ,  H C I ,  
does  not  i n t e r f e r e  i n  t h e  19F NMR spectrum. 

A t y p i c a l  I9F 

The 

Cer ta in  r e a c t i o n s ,  p a r t i c u l a r l y  those  of phenols  and amines w e r e  q u i t e  slow. 
A s tudy  w a s  conducted to s e e  i f  us ing  a n u c l e o p h i l i c  base  would improve t h e  
r e a c t i o n s .  Those bases  which were t r i e d  w e r e  p y r i a i n e ,  t r i e t h y l  amine, 2,6- 
l u t i d i n e ,  and 4-dimethylaminopyridine (DMAP). Based on r e a c t i o n  y i e l d s ,  2,6- 
l u t i d i n e  and DMAF' appear t o  be t h e  b e s t  c a t a l y s t s .  
t h a t  DMAP i s  an e x c e l l e n t  a c y l a t i o n  c a t a l y s t  ( 1 7 ) .  

It has  been shown previous ly  

A s i d e  r e a c t i o n  which can occur us ing  t h i s  reagent  i s  t h e  formation 3f tri- 
f l u o r o a c e t i c  ac id .  This  i n t e r f e r e n c e ,  however, can  Zas i ly  be removed by a l lowing  
t h e  r e a c t i o n  mixture  t o  s t a n d  o-ier a small amount of K2CO3.  The ac id  peak i s  
e n t i r e l y  removed from t h e  spectrum. The peak which occurs  from excess  t r i f l u o r a -  
a c e t y l  c h l o r i d e  i s  a l s o  r e a d i l y  removed by degass ing  t h e  sample with N 2 .  

I t  appears  t h a t  t h e  d e r i v a t i v e s  formed us ing  t r i f l u o r o a c e t y l  c h l o r i d e  a r e  
wel l - resolved i n  t h e  I9F IMR s p e c t r a  
of reg ions  of overlap.  The o v e r a l l  chemical  s h i f t  range i s  about 2 ppm. I t  
appears  t h a t  t h i s  reagent  w i l l  be u s e f u l  as an a n a l y t i c a l  t o o l  f o r  c h a r a c t e r i z a t i o n  
of f u n c t i o n a l  groups. A l l  i n t e r f e r e n c e s  i n  t h e  s p e c t n v  can be removed and t h e  
r e a c t i o n s  occur i n  high y i e l d  wi th  t h e  proper  choice  of c a t a l y s t .  

a:i i n l i c a t e d  by f i g u r e  2 with only  a couple  

A second and e n t i r e l y  new c l a s s  of I9F  nmr r e a g e n t s  under examination i s  
f l u o r i n a t e d  diazoalkanes.  Diazomethane w i t h  and without  a Lewis a c i d  c a t a l y s t  h a s  
been ex tens ive ly  used i n  organic  chemistry f o r  p r e p a r a t i o n  of methyl ester and 
methyl e t h e r  d e r i v a t i v e s  (15 ) .  An obvious ex tens ion  of t h i s  approach would be t h e  
u s e  of a f l u o r i n e  conta in ing  d i a z o  r e a g e n t .  

The f i r s t  f l u o r i n a t e d  d iazoa lkane  examined i n  t h i s  s tudy was t r i f l u o r o d i a z o -  
e thane (16 ) .  We have found t h a t  t h i s  reagent  r e a c t s  smoothly wi th  a l c o h o l s ,  
phenols  and carboxyl ic  a c i d s  a t  room temperature  t o  - 1 0 ° C  i n  the  presence of a 
c a t a l y s t  ( t y p i c a l l y  H B F 4 )  t o  y i e l d  f l u o r i n a t e d  e t h e r s  and e s t e r s  according t o  
equat ions  4 and 5. 

CF3, HBF4 
C=N=N + R-0-H -f C F  -CH -0-R + N 4 3 2  2 / 

H 

0 0 
CF3 \ 1, HBF 

C=N=N + R-C-0-H 4 CF -CH -0-z-R + N 4 3 2  2 / 
H 

4)  

5) 

One of the  d isadvantages  of t h i s  reagent  us ing  our  present  r e a c t i o n  condi t ions  
i s  the  water present  i n  t h e  added c a t a l y s t  (50% water s o l u t i o n  of H B F 4 ) .  The tri- 
f luorodiazoethane r e a c t s  wi th  t h e  water t o  y i e l d  l , l , l - t r i f l u o r o e t h a n o l  and b i s  
(l,l,l-trifluoroethy1)ether. 

The I9F spec t ra  f o r  t h e s e d e r i v a t i v e s  appear  a s  t r i p l e t s  ( l 9 F - I H  coupl ing  t o  
methylene pro tons) .  However, s i n g l e t  s p e c t r a  can be obta ined  by 'H decoupl ing.  

303 



Figures  2 and 3 i n d i c a t e  t h e  range of 19F chemical  s h i f t s  observed f o r  a number 
of model compoulidsusingthe t r i f l u o r o a c e t y l  c h l o r i d e  and t r i f l u o r o d i a z o e t h a n e  reagent ,  
r e s p e c t i v e l y .  I n  g e n e r a l ,  t h e  y i e l d s  are somewhat h igher  f o r  t h e  t r i f l u o r o d i a z o -  
e thane  reagent .  The chemical s h i f t  range ,  however, appears  t o  be s l i g h t l y  l a r g e r  
f o r  t h e  t r i f l u o r o a c e t y l  d e r i v a t i v e s .  Never the less ,  both of these  r e a g e n t s  have 
p o t e n t i a l  advantages over  o t h e r  r e a g e n t s  prev ious ly  employed. 

Figure 4 is  t h e  f i r s t  spectrum obta ined  from t h e  a c i d  f r a c t i o n  of an Amax 
so lvent  r e f i n e d  c o a l  (SRC) sample us ing  t h e  t r i f l u o r o a c e t y l  c h l o r i d e  reagent .  
l a r g e  peak a t  - 8 . 5  ppm is  t r i f l u o r o a c e t i c  a c i d .  The peak centered  a t  -7 .6  ppm w i t h  
f i n e  s t r u c t u r e  i s  undoubtedly due t o  phenols  and perhaps benzyl a l c o h o l s .  The 
peaks between 7.7 ppm and 8 . 4  ppm i n d i c a t e  l i m i t e d  presence of a l i p h a t i c  a lcohols .  
The broad peak centered  a t  - 7 . 4  ppm has  n o t  been ass igned  a t  the  p r e s e n t  t i m e .  
Although these  a r e  only  t h e  f i r s t  r e s u l t s  ob ta ined  from t h e  19F nmr reagents ,  t h e  
number of reso lved  l ines  i n  s e v e r a l  SRC f r a c t i o n s  i n d i c a t e  t h a t  t h e  19F nmr 
approach i s  indeed a promising technique.  
t o  a d d i t i o n a l  c o a l  products  w i l l  be d iscussed  i n  t h i s  p r e s e n t a t i o n .  

The 

R e s u l t s  applying the  l 9 F  nmr approach 
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